Biological Sciences Group U-42, University ofConnecticut, Storrs, Connecticut 06268 ABSTRACI The movement of Samwaea leaflets depends upon changes in the curvature of the pulvinus at the base of each leaflet. Pulvinar bending and straightening, in turn, are driven by the movement of water between opposing (extensor and flexor) sides of the pulvinus. Although water movement depends on water potential (1) and thus on osmotic potential (X) and hydrostatic pressure (P), none of these parameters have been measured in Samauea. In this investigation, il and X were measured and P was calculated for extensor Leaves and leaflets of the nyctinastic, leguminous tree Samanea saman (Jacq.) Merrill3 are usually spread horizontally during the day and folded tightly into a vertical orientation at night (2, 20) . These movements are brought about by the bending and straightening ofcylindrical motor organs, or pulvini, that subtend the leaf, the pinnae and the pinnules (see Fig. 2 (12, 13, 19) . However, the magnitude and direction of the H+ fluxes varies with the 74 of the medium (16). These results are suggestive of a turgor-sensing mechanism, but they are difficult to interpret because we know very little about the I on the extensor and flexor sides of the pulvinus. If these in vitro experiments are to have maximum relevance to events occurring in whole pulvini, we must be able to design an appropriate bathing medium, with 7r balanced against the tissue , and we must understand the effects of excision.
ABSTRACI
The movement of Samwaea leaflets depends upon changes in the curvature of the pulvinus at the base of each leaflet. Pulvinar bending and straightening, in turn, are driven by the movement of water between opposing (extensor and flexor) sides of the pulvinus. Although water movement depends on water potential (1) and thus on osmotic potential (X) and hydrostatic pressure (P), none of these parameters have been measured in Samauea. In this investigation, il and X were measured and P was calculated for extensor and flexor tissues of excised, whole pulvini that were open in the light and closed in the dark. In fully open pulvini, X in the extensor was generally between 800 and 1000 milliosmol per kilogram and exceeded Tr in the flexor by 300 to 450 milliosmol per kilogram. In fully closed pulvini the reverse was true, with X in the flexor between 800 and 1000 milliosmol per kilogram, exceeding X in the extensor by 300 to 450 milliosmol per kilogram. To obtain approximate values of 'P of pulvinar tissues, shallow cuts in extensor and flexor sides of oil-covered pulvini were filled with droplets of polyethylene glycol solutions of known *. Droplets maintaining constant size were assumed to have the same *I' as the tissue. Extensor and flexor halves of open pulvini had very different * (extensor, about -1.4 MPa; flexor, about -0.3 MPa) but both sides of closed pulvini had similar ' (about -0.3 MPa). Measurements of * and X and calculations of P indicate: (a) In open pulvini, P is about the same in extensor and flexor. The large * gradient is caused by a large osmotic gradient. (b) In closed pulvini, P is approximately 50% higher in the flexor than in the extensor. This difference in P compensates for differences in v such that the *I' gradient is small. (c) Pulvini close as P increases in the flexor and reopen as flexor P decreases; extensor P values are similar in open and closed pulvini.
Leaves and leaflets of the nyctinastic, leguminous tree Samanea saman (Jacq.) Merrill3 are usually spread horizontally during the day and folded tightly into a vertical orientation at night (2, 20) . These movements are brought about by the bending and straightening ofcylindrical motor organs, or pulvini, that subtend the leaf, the pinnae and the pinnules (see Fig. 2 in Ref. 22 ). The terminal, secondary pulvini, which subtend the most distal pair of pinnae, have been studied most extensively. Pulvinar bending is accomplished by changes in the size of cells in the antagonistic extensor and flexor regions of the pulvinus. As (12, 13, 19) . However, the magnitude and direction of the H+ fluxes varies with the 74 of the medium (16) . These results are suggestive of a turgor-sensing mechanism, but they are difficult to interpret because we know very little about the I on the extensor and flexor sides of the pulvinus. If these in vitro experiments are to have maximum relevance to events occurring in whole pulvini, we must be able to design an appropriate bathing medium, with 7r balanced against the tissue , and we must understand the effects of excision.
Pulvinar bending depends upon water movement, and thus on the I, wr, and P on the two sides of the pulvinus. However, these parameters have never been measured in Samanea. I has recently been studied in sections cut from extensor and flexor tissue from closed Phaseolus pulvini, with the surprising result that the shrunken extensor cells had a more negative I than the swollen flexor cells (18) . However, the excision process might affect I measurements (8) . In this paper, I investigated I and its components, wr and P, on the extensor and flexor sides of whole, isolated Samanea pulvini. In an accompanying study (8) I considered how excision of extensor and flexor motor tissues might affect these parameters.
MATERIALS AND METHODS Plant Material. Samanea saman (Jacq.) Merrill trees were grown in 26 cm diameter clay pots on a 16 h light:8 h dark regime at 27°C, as described in Gorton and Satter (10) . Terminal secondary pulvini were used for all experiments. A protractor was used to measure leaflet angles (the angle between the rachis and the rachilla).
Osmolality Measurements. Fluid from extensor and flexor tissues was obtained by two methods.
1. Strips ofextensor and flexor tissue were excised as described in Iglesias and Satter (12) . The (24) . The thermocouple psychrometer was also used to measure ir for frozen (-10C In closed pulvini (Fig. 3c) , the appearance of high osmotic concentrations in flexor cells during the night coincided with the development of the capacity to close fully. Very young leaves did not close fully, and flexor osmolality was only slightly higher than extensor osmolality (circled points for leaf 1, Fig. 3c ). Very old leaves (circled points for leaf 29, Fig. 3c ) did not close fully, and the osmotic difference across the pulvinus was only about one-quarter its maximum value. In fully closed pulvini, the flexor had an osmolality higher than the extensor by about 300 to 450 mOsmol *kg-'.
Based on these osmolality data for open and closed pulvini, leaves 4 to 14 were used in all subsequent experiments.
The next experiments were initiated to determine the time of day to make subsequent measurements so that neither pulvinar osmolality nor the water status of the plant would be changing dramatically. Leaflet angle (Fig. 4a) , extensor and flexor osmolalities (Fig. 4b) , leaf w- (Fig. 4c) , and leaf (Fig. 4d) Figure 4 indicates that the osmotic concentrations in the pulvinus and the water status of the plant as a whole were relatively stable between h 6.5 and 9.5, when pulvini were fully open, or between h 18.5 and 21.5, when pulvini were fully closed, so experiments were done during these periods. There was a large difference in across open pulvini, with extensor about -1.4 MPa and flexor about -0.2 MPa (Fig. 5) . In closed pulvini, of extensor and flexor were Hydrostatic Pressure. We can now consider P in pulvini and how changes in P might be related to pulvinar bending. P was calculated for extensor and flexor tissues of open and closed pulvini from ir and data (Fig. 5) . P was about 1 MPa for both extensor and flexor in open pulvini and for extensor in closed pulvini, but was about 50% higher for flexor in closed pulvini. Thus, pulvini close as P rises in the flexor.
Water Potential of Leaves. An investigation of T in a small piece of a plant should be done with an understanding of the water status of the plant as a whole. Therefore, data for leaf lamina and ir (Fig. 6 ) should be compared with data for the corresponding pulvinar tissues from the same plant (Fig. 5) . (Leaf and ir data in Fig. 4 were for a different plant.) Data from both the pressure chamber and the thermocouple psychrometer are shown because they gave quantitatively different results. The pressure chamber was used routinely for these measurements, and leaf showed large changes between light and dark similar to those shown in Figure 4 . The thermocouple psychrometer showed smaller changes in leaf I. Midday was less negative than found with the pressure chamber, and always at least 0.2 MPa less negative than ir. During the dark period, the thermocouple psychrometer consistently gave slightly more negative values of than the pressure chamber.
DISCUSSION
All results presented here are for isolated pulvini excised from the tree immediately before use. Excised, whole pulvini are common experimental subjects because they each contain a circadian clock and a light-sensing mechanism, and can continue to oscillate for several days (22, 25) (reviewed in Satter and Galston [20] ).
Osmolality. This is the first report of ir measurement for Samanea pulvinar tissues, and, to my knowledge, it is the first report of direct measurement of pulvinar 7r for any nyctinastic plant. The observed differences in osmolality between extensor and flexor motor tissues (Fig. 3) and the changes in osmolality over the course of the day (Fig. 4) 1 MPa. The maximum osmotic concentrations, the maximum differences in osmolality between extensor and flexor, and the differences in osmolality over time in extensor and flexor are considerably higher in Samanea than in Phaseolus. In Phaseolus, the osmolality (calculated from measured on concentrations) in highosmolality cells was less than 250 mOsmol-kg5', as compared to 800 to 1000 mOsmol-kg' in Samanea and maximum differences between extensor and flexor as well as differences in extensor or flexor over time were only 5 to 11 % of the total osmolality (14) . The difference in the ir relationships in Samanea and Phaseolus pulvini is not surprising, since changes in pulvinar angle during a light:dark cycle are also much greater in Samanea (22) than in Phaseolus (5).
There is considerable variability in osmotic concentration between analogous motor tissues from different leaves from the same plant (e.g. Fig 3) . Part ofthis variability might be attributed to differences in excision. The depth of excision is difficult to control, especially with tightly closed pulvini, and ion levels in inner cortical cells are higher than for outer cortical cells (3, 21, 22) . In addition, a large degree of individual variability has been noted between extensor or flexor cells from a single pulvinus (Samanea [10, 22] ; Phaseolus [18] ) and in protoplasts isolated from Samanea pulvini (1 1).
Pulvinar Water Potential. The droplet method for measuring 24 h. The data are rearranged for clarity, with hour 0 on the abscissa indicating lights on. Each hour, leafangle was measured, one pinna was excised for measurement with the pressure chamber, and extensor, flexor, and leaf lamina tissues from the other pinna were frozen for later measurement of osmolality. Osmolality data from both plants (b and c) are given to establish the diurnal pattern clearly. The osmolality changes for the two plants were of similar magnitude but had different ranges, so the data are plotted together after being normalized: for each plant, all leaf lamina osmolality data (c) were averaged, and values plotted in b represent differences between extensor or flexor osmolality and this average. Average leaf osmolalities (mean ± SE) were 424 ± 9 mOsmol-kg-' for plant 1 and 525 ± 5 mOsmol-kg-' for plant 2. The leaf osmolality data from which these averages were obtained are given (c) with linear regression lines for plant 1 pulvinar does not require excision of extensor and flexor tissues, and therefore causes relatively minor disruption of the mechanical forces within the whole, isolated pulvinus. Nevertheless, some damage is necessarily inflicted when the small cuts are made into the tissue to hold the droplets of PEG solution, and this damage might influence the results. Cells near the edge of the cuts might expand, with a consequent drop in P. This would result in a slight underestimate of (i.e. the reported might be more negative than the actual value). In addition, leakage and cut-surface effects might influence measurement (15) . Although some systematic error probably exists, it should not have a large effect on the comparisons between different pulvinar tissues.
Recently, a technique similar to the droplet method used here was described (6) The mechanism by which the gradient can be maintained is uncertain. We do not know the pathway (apoplastic or cell-tocell) that water takes across the pulvinus or the speed with which Hydrostatic Pressure. In order for a pulvinus, a nongrowing organ, to close, P must increase in the flexor relative to the extensor. In theory, this might happen in four ways: (a) P in the extensor could fall while P in the flexor rises or stays constant; (b) P in the extensor could stay constant while P in the flexor rises; (c) P could increase in both the extensor and flexor, but with a larger increase in the flexor; (d) P could decrease in both the extensor and flexor, but with a larger decrease in the extensor. P estimates in Figure 5 indicate that the second possibility is most reasonable, with a rise in P in the flexor, but because of the uncertainty inherent in the I measurement, a concomitant, small drop in P in the extensor cannot be ruled out.
All measurements of I (and calculations of P) were done on whole pulvini that had been excised from the tree. When a pulvinus is still attached to the tree, the terminal pinna exerts a mechanical load on the pulvinus, and it is possible that excision ofthe terminal pinna could change P, and hence ', significantly.
In an open pulvinus, for instance, the terminal pinna exerts a downward load that would tend to increase P (and I) 
